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Patent Application No.: 2000-192889 

Examiner's Notice Date: March 19, 2003 

Examiner: Yasuyuki Kawabata 

This application is rejected on the grounds stated below. Any opinion 
about the rejection must be filed within 60 DAYS of the mailing date hereof. 

REASONS 

1 . The invention is unpatentable under Section 29 (1) (iii) of the 
Patent Law as being described in the following publication 
distributed prior to this application or made available to the public 
through electric telecommunication lines in Japan or a foreign 
country prior to this application. 

2- The invention is unpatentable under Section 29 (2) of the 
Patent Law, as being such that the invention could easily have 
been made by a person with ordinary skill in the art to which the 
invention pertains, on the basis of the invention described in the 
following publication(s) distributed in Japan or a foreign country 
prior to this application or the invention made available to the 
public through electric telecommunication lines in Japan or a 
foreign country prior to this application. 

REMARKS 

Claims 1-3 

References Cited: 1 Jpn. Pat. Appln. KOKAI Publication No. 7-125118 
2 Jpn. Pat. Appln. KOKAI Publication No. 5-208465 



Note: Refer to reference 1 , claim 1 and 4. 

Also, a sandwich panel with plastic reinforced with carbon fibers used 
for the surface material (refer to claim 1) is described in reference 2, and 
phenolic resin is used as the pre-preg matrix resin (refer to the embodiments). 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 the embodiment of this invention is shown - it is a notch perspective diagram in part 

[Drawing 21 It is the perspective diagram of the carbon fiber flat thread textiles in which one example of the strengthening 

fiber material in the epidermis material of the sandwich-structure material of this invention is shown. 

[Description of Notations] 

1 Honeycomb-Structure Object (Core Material) 

2 Epidermis Material 

3 a Weft yam which consists of carbon fiber flat thread 
3b Warp which consists of carbon fiber flat thread 

4 Main Section 

5a, 5b Strengthening fiber material 



[Translation done.] 
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CLAIMS 



[Claim(s)] 

[Claim 1] It sets to the sandwich-structure material which comes to paste up the fiber strengthening resin board which 
becomes both sides of a core material from a strengthening fiber material and a matrix resin, and, for the aforementioned 
strengthening fiber material, a modulus of elasticity in tension is 20x103 kgf^cm2. It is above and destructive strain energy is 
4.0 mm-kgf/mm3. Sandwich-structure material characterized by the bird clapper from the carbon fiber thread which it is 
above. 

[Claim 2] The aforementioned strengthening fiber material contains carbon fiber textiles, and, for the carbon fiber textiles, the 
number of the main section is 2 Im. Sandwich-structure material of a claim 1 whose covering factor it is 400-60,000 hits and 
is 95% or more. 

[Claim 3] Sandwich-structure material of a claim 1 whose aforementioned core material is noncombustible or fire-resistant a 
plastics foam or a honeycomb-structure object. 

[Claim 4] Sandwich-structure material of a claim 1 whose aforementioned matrix resin is phenol resin. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to sandwich-structure material suitable as structure material like the flooring of 

the aircraft, or interior material in more detail about sandwich-structure material. 

[0002] 

[Description of the Prior Art] In the field of an airframe like a satellite or the aircraft, the energy-saving effect based on 
lightweight-izing those structural materials is remarkable. Since there is much number of times of a service especially in the 
case of a civil aviation machine and flight distance is also long, aiming at mpg saving is pursued by lightweight-izing the 
structural material. 

[0003] Among the structural materials of the aircraft, flooring, interior material, etc. are used all over the aircraft, and, as for 
the operating area, become quite heavy [ an operating weight ] quite widely. As a structural material like the above-mentioned 
flooring or interior material, from the former, the honeycomb-structure object was made into the core material, and the 
sandwich-structure material which pasted up the glass fiber strengthening resin board on the both sides as epidermis material 
has mainly been used, for example. 

[0004] When it is used especially as flooring in the case of this sandwich-structure material, to excel in properties, such as 
bending strength, flexural rigidity, penetration-proof, and bam through nature, is demanded. Especially, if it says from the 
point of the security of the aircraft, to excel in penetration-proof and bam through nature is needed. For example, the 
following accident may be caused when the sandwich-structure material inferior to penetration-proof is used for flooring. 
[0005] That is, if a hole etc. opens in epidermis material by sharp member like [ when it is flooring in which penetration-proof 
is seldom temporarily excellent since the cargo compartment which a cabin has in a pressurization state as a pre-load room in 
the civil aviation machine under flight by altitude, and is located in the lower part of a cabin is not in the pressurization state ] 
the heel of female high-heeled shoe, the epidermis material by the side of a cargo compartment will exfoliate from a core 
material by the pressure by the side of a cabin, and destruction of flooring will progress. And it is because it will happen that 
the air by the side of a cabin flows into a cargo-compartment side with rapid vigor, the digit material supporting the floor is 
also destroyed, and the fimction of the whole aircraft stops if destmction of flooring progresses. 

[0006] Moreover, bam through nature is a property which shows the property in which flooring and interior material intercept 
fixed time and flame, and suppress the expansion to the fire which broke out in the interior or the exterior of the aircraft, and 
it is usually judged by the size of a covering factor, the fiber strengthening resin board whose covering factor is epidermis 
material here - setting - area SI the time of setting up a field ~ the area SI Area S2 which portions other than the 
strengthening fiber material which exists in the field concerned occupy from ~ following - the thing of the value computed 
based on formula:Cf(%) =[(S1-S2 )/Sl] xlOO is said 

[0007] For example, it is a field SI about the area of the opening section formed in the mixture section of warp and weft yam 
when strengthening fiber materials are the textiles which carried out weaving of warp and the weft yam, i.e., the main section. 
Area S2 which the value totaled inside described above It becomes. If this Cf value becomes large, since the above-mentioned 
opening section in a strengthening fiber material will decrease, resistance of as opposed to the blow by of flame in the 
epidermis material becomes large, and bam through nature's improves. And since the above-mentioned opening section has 
increased and the blow by of the flame from there becomes easy when Cf value is small epidermis material, bam through 
nature becomes low, 

[0008] In the case of the conventional sandwich-structure material which makes a glass fiber strengthening resin board 
epidermis material, the melting point of a glass fiber is low, for example, since a glass fiber will be fused for a short time if 
epidermis material ****, bam through nature is inferior. The specific gravity of a glass fiber is as large as about 2.56, and 
moreover, since the elastic modulus is small, in order to fulfill the predetermined rigidity at the time of real use of 
sandwich-structure material, if is necessary to thicken thickness of epidermis material. However, since it is necessary for the 
amount of the glass fiber used to also increase when thickening thickness of epidermis material, the whole epidermis material 
will become heavy as a result, 

[0009] By the way, in order to attain lightweight-ization of the sandwich-structure material used as flooring, interior material, 
etc. recently, using carbon fiber textiles is performed as a strengthening fiber material of the fiber strengthening resin board 
which is epidermis material. In this case, in order to raise the bam through nature of epidermis material (i.e., while enlarging 
Cf value of carbon fiber textiles, in order to raise the intensity of a fiber strengthening resin board), as carbon fiber textiles, 
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what carried out weaving of the narrow carbon fiber thread with high density is usually used. 

[0010] In the case of this epidermis material, the specific gravity is about 1.75 and a carbon fiber's is lightweight compared 
with said glass fiber. And since the property demanded as epidermis material can fully be fulfilled, even if mechanical 
properties, such as bending strength and flexural rigidity, make thickness of epidermis material thin, considering only a 
relation with this mechanical property, they are not inconvenient. However, thickness of epidermis material cannot be made 
not much thin, considering the point of reservation of penetration-proof Therefore, as a result, since thickness of epidermis 
material must be thickened, remarkable lightweight-ization is not attained. 

[001 1] Moreover, first, if a flame is applied to this epidermis material, although it is small, flame will blow from the part 
where a carbon fiber does not exist but only a matrix resin exists, i.e., the main section. And with the passage of time, the 
oxidative consumption of a carbon fiber located near the main section progresses, the small blow-by hole becomes large at the 
beginning, and flame starts from there highly. 

[0012] And when strengthening fiber materials are the high-density textiles of the above-mentioned narrow carbon fiber 
thread, the textiles have much number of the main section per unit area, namely, since the interval between the adjoining main 
sections is narrow, it is easy for the flame blown from each main section to gather to the inside of a short time, to turn into big 
flame, and to generate the situation of starting highly. Moreover, the epidermis material which becomes in piles so that mutual 
fiber orientation may turn into the same direction in the textiles of two or more sheets, Even if it is the case where the 
mechanical property which becomes in piles is the epidermis material of false isotropy so that mutual fiber orientation may 
become 0 degree / 90 degrees, +45 degrees / -45 degrees, since there is much number of the main section in each textiles, 
originally the textiles of two or more sheets When each textiles are piled up, like the case where the area which overlaps the 
frequency which the main section overlaps also became large, and is described above, the small flame blown from the main 
section gathers for a short time, and tends to turn into big flame. 

[0013] Furthermore, since the front face of textiles has become that the carbon fiber textiles compounded with a matrix resin 
carry out weaving of the narrow carbon fiber thread with high density by crookedness of weaving yam in the concavo-convex 
field, there is a problem that the front face turns into a concavo-convex field, and since weaving yam itself is expensive, the 
obtained epidermis material also has the problem of becoming expensive also in itself [ sandwich-structure material ]. 
[0014] 

[Problem(s) to be Solved by the Invention] this invention solves the above-mentioned problem in the conventional 
sandwich-stmcture material, is lightweight as a whole, is excellent in penetration-proof and bam through nature, and aims at 
offer of the sandwich-structure material which a front face can manufacture cheaply flat and smooth. 
[0015] 

[Means for Solving the Problem] It sets to the sandwich-structure material of structure which pasted up the fiber strengthening 
resin board which becomes both sides of a core material from a strengthening fiber material and a matrix resin in this 
invention in order to attain the above-mentioned purpose, and, for the aforementioned strengthening fiber material, a modulus 
of elasticity in tension is 20x103 kgf^cm2. It is above and destructive strain energy is 4.0 mm-kgf^mm3. The 
sandwich-structure material characterized by the bird clapper from the carbon fiber thread which it is above is offered. 
[0016] 

[Example] Below, the example of the sandwich-structure material of this invention is **(ed) on a drawing, and it explains in 
detail, drawing 1 shows the sandwich-stmcture material A - it is a notch perspective diagram in part In drawing, epidermis 
material has pasted both sides of the core material 1 which is a honeycomb-stmcture object, and each epidermis material has 
become the fiber strengthening resin board which carried out the laminating of the strengthening fiber materials 5a and 5b of 
two or more sheets ( drawing 1 two sheets). 

[0017] considering [ of securing a mechanical strength while a core material 1 attains lightweight-ization of the whole 
sandwich-stmcture material ] - the density - 0.017 - 0.17 g/cm3 it is ~ things are desirable Density is 0.017 g/cm3. The 
sandwich-stmcture object with which the mechanical strength became low and the small thing was obtained becomes easy to 
cause buckling, and cannot fully demonstrate the function as a core material of stmcture material, and is 0.17 g/cm3. It is 
because the whole weight will become heavy and will come to be contrary to the intention of lightweight-izing, if a large thing 
is used. 

[0018] As a core material 1, you may use a plastics foam out of the illustrated honeycomb-stmcture object. When using 
sandwich-stmcture material as interior material of the aircraft, since a core material 1 is it incombustibility that a core material 
1 is the honeycomb-stmcture object of aluminum, it is suitable. Moreover, since each of honeycomb-stmcture objects which 
sank phenol resin into the honeycomb of aramid fiber paper, phenol forms in which phenol resin was made to foam is 
self-resolution nature and fire retardancy, they is suitable as a core material 1 . 

[0019] Below, the epidermis material 2 is explained. The epidermis material 2 is the fiber strengthening resin board which 
compounded the strengthening fiber material and matrix resin by a strengthening fiber material consisting of carbon fiber 
thread. As a matrix resin which constitutes this fiber strengthening resin board, an epoxy resin, phenol resin, an unsaturated 
polyester resin, thermosetting resin like vinyl ester resin, polyamide resin, polyester resin, a polyethylene resin, polypropylene 
resin and a polyphenylene sulfide resin, polyimide resin, a polyether ether resin, ABS plastics, thermoplastics like an acetal 
resin, etc. can be raised, for example. 

[0020] these matrices resin - for example, phosphoric ester, a halogenated hydrocarbon, an antimony oxide and boric-acid 
zinc, a phosphoms-containing polyol, a bromine-containing polyol, and a phthalic anhydride tetrachloride - a well-known 
flame retarder like phthalic anhydride may be blended 4 bromination, and fire retardancy may be given In this case, since gas 
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constituents detrimental to a human body may be generated from these flame retarders at the time of combustion of a matrix 
resin, you should restrict the loadings of a flame retarder to optimum dose. 

[0021] Since the work to which phenol resin equips with the fire retardancy which was excellent even if it did not blend a 
flame retarder, it remains as carbide if it is after combustion, since there is little generating capacity at the time of combustion 
and the coking value is high, and it intercepts flame among the above-mentioned matrix resins is demonstrated, it is suitable. 
As for the compound rate of a matrix resin, in this fiber strengthening resin board, it is desirable that it is 35 - 65% of the 
weight. It is because the improvement in on the strength accompanying composite-izing with fiber and a resin becomes 
inadequate even if the rate of a strengthening fiber material increases more than 65 % of the weight, and the rate of a 
strengthening fiber material becomes less than 35 % of the weight when [ than 65 % of the weight ] more, and it is which case 
when there are few these rates than 35 % of the weight. 

[0022] Next, as carbon fiber thread used as a strengthening fiber material, although you may be any, such as carbon fiber 
thread of a PAN system, and carbon fiber thread of a pitch system, the high toughness carbon fiber thread which has the 
following property is used. Namely, JIS The modulus of elasticity in tension (E:kgfi'mm2) measured based on R7601 is 
20x103 kgf^mm2. It is above and destructive strain energy (W:mm-kgf7mm3) is 4.0 nim-kgfi' mm3. It is the above carbon fiber 
thread, 

[0023] In addition, destructive strain energy is JIS here. The thing of the value computed based on following 
formula: W=sigma 2 / 2E is said using the tensile strength (sigma:kgf^mm2) when measuring based on R7601, and the 
above-mentioned E value. E is 20x103 kgfi'mm2. When epidermis material is manufactured using small carbon fiber thread, in 
order to carry out mechanical-strength grant with penetration-proof proper to epidermis material, it is necessary to compound 
carbon fiber thread comparatively so much, consequently the weight of epidermis material becomes heavy, and it comes to be 
contrary to the purpose of lightweight-izing. 

[0024] Moreover, destructive strain energy is 4.0 mm-kgf^mm3. In the epidermis material manufactured using low carbon 
fiber thread, when a shock joins the epidermis material from the exterior, while collapse of the core material of the shock part 
neighborhood takes place, even if it is the case where were easy to be cut also in itself [ carbon fiber thread ] which is 
compounded with epidermis material, therefore low striking energy is added, a hole becomes easy to get bored with epidermis 
material. 

[0025] In addition, as the above-mentioned carbon fiber thread, the multifilament whose diameter of single yam is 4-10 
micrometers is used. One example of the strengthening fiber material of this invention is shown in drawing 2 as a perspective 
diagram. This strengthening fiber material B is the textiles which carried out weaving of these, using carbon fiber flat thread 
as weft-yam 3a and warp 3b. 

[0026] The main section 4 is formed in the mixture section of weft-yam 3a and warp 3b with these textiles. It sets to this 
invention and the number of this main section 4 is 2 Im of textiles. It is desirable to use the textiles whose Cf value which are 
400-60000 hits and was described above is 95% or more. The time taken for the flame blovm from each main section to 
gather, and for the textiles with little number of the main section 4 of per a unit area (lm2) to grow up to be big flame when 
epidermis material **** since the adjoining interval between the main sections is large becomes long, and bam through nature 
improves. 

[0027] However, if there is too little number of the main section 4, the flexibility to a shear strain becomes small, and in case 
the textiles fabricate the prepreg which comes to carry out resin sinking in along with a curved surface on these textiles at the 
time of manufacture of epidermis material, a wrinkle etc. will come to generate them on the surface of a Plastic solid. The 
number of the main section 4 in textiles since it is such is 400 pieces/m2. Carrying out above is desirable. 
[0028] Moreover, since the adjoining interval between the main sections becomes narrow when there is too much number of 
the main section 4, the flame which blew the main section gathers for a short time, and tends to grow up to be big flame, and 
the bam through nature of epidermis material falls. Therefore, the number of the main section 4 is 60,000 pieces/m2. It is 
desirable to make it below. Furthermore, in the textiles to be used, with textiles with small Cf value, since the main aspect 
product per piece is large, the resin which is burying the main section bums, it blows from the main section, and time to grow 
up to be big flame becomes short. Therefore, as for Cf value in the textiles used by this invention, it is desirable that it is 95% 
or more. 

[0029] There is no twist, it becomes impossible to specifically carry out weaving of the 30 or more ratios [ of the fineness of 
3 ,000-20,000 deniers, the thread width of 4- 1 6mm, and a thread width / thread thickness ] flat thread in a 1 .0 to 1 .3 times as 
many pitch as a thread width as textiles which carried out weaving of the carbon fiber flat thread shown by drawing 2 , and a 
superintendent officer can raise the textiles 100 - 300 g/m2 and whose thickness are 0.1 -0.4mm. since in the case of these - 
textiles the carbon flber thread used for weaving does not have a twist, its thread width is thick and the ratio of a thread width 
/ thread thickness is 30 or more— the number of per a unit area (lm2) of the main section 4 ~ 400-60,000 pieces/m2 it can 
carry out -- both bam through nature penetration-proof and a moldability - although ~ it is good 

[0030] Moreover, since weaving is carried out in the 1.0 to 1.3 times as many pitch as a thread width, the Cf value is in 95 - 
99,5% of within the limits, and is rich in bam through nature. Furthermore, since weaving of these textiles is carried out with 
the flat thread whose thickness is 0.1 -0.4mm, in a textile front face, the irregularity based on crookedness of weaving yam is 
seldom generated. Moreover, a superintendent officer 100 - 300 g/m2 It is small. Therefore, the epidermis material 
manufactured using these textiles has a smooth front face, and, moreover, it is lightweight. Furthermore, since the carbon fiber 
thread to be used is thick, it can be manufactured cheaply, and the last sandwich-stmcture material also becomes cheap. 
[003 1 ] For example, weaving of the textiles shown by drawing 2 can be carried out as follows. That is, while carrying out 
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usurpation unraveling of the weft yam from the weft-yam bobbin around which the weft yam which consists of flat thread is 
wound and positioning the weft yam horizontally by the guide idler in a weft-yam feeder position, weft yam is supplied to the 
bottom of strain between the aforementioned weft-yam bobbin and a guide idler, suspending the weft yam of length required 
for one weft-yam supply to warp. Usurpation unraveling of the warp is carried out from each of the warp bobbin of two or 
more weights around which the warp which consists of flat thread is wound on the other hand, using a comb, it lengthens in 
request density, two or more of these warp is arranged with it, making it the flat side of warp not contact other than the wire of 
a comb, and weaving is carried out by changing the flat side of each warp horizontally and leading to a heddle. 
[0032] Thus, in the case of the textiles by which weaving was carried out, a twist does not go into warp and weft yam, the flat 
state of warp and weft yam is held, and thread configurations, such as a thread width and thread thickness, hardly change, 
either. The sandwich-stmcture material shown by drawing 1 can be manufactured as follows, for example. 
[0033] First, the textiles of carbon fiber flat thread as shown by drawing 2 are flooded with the resin liquid which comes to 
dilute a matrix resin with a solvent like a methanol, and it performs resin sinking in on textiles. Subsequently, textiles are 
taken out, dryness removal of the solvent is carried out, and the textile prepreg to which the resin of the specified quantity has 
adhered is prepared. While hardening a matrix resin and forming epidermis material by carrying out the laminating of the 
request number of sheets of the obtained textile prepreg, occurring the core material which processed the request 
configuration on it, setting the whole into an autoclave and cairying out heat-and-pressure processing by predetermined 
temperature and the predetermined pressure, after carrying the above-mentioned textile prepreg of request number of sheets 
on the core material fiirther, the epidermis material and core material are pasted up. 

[0034] the above-mentioned operative condition ~ although it set like and the strengthening fiber materials in the fiber 
strengthening resin board which is epidermis material were the textiles of carbon fiber flat thread, the strengthening fiber 
material of this invention is not limited to this, on the other hand, lengthened the carbon fiber thread which has the modulus of 
elasticity in tension described above and destructive strain energy in parallel with **, and arranged it ~ on the other hand, you 
may be ** material and textiles When epidermis material is the fiber strengthening resin board which carried out the 
laminating of the strengthening fiber material of two or more sheets, it may be arranged so that each strengthening fiber in 
epidermis material may gather in the same direction, and the strengthening fiber in each epidermis material may be mutually 
arranged at 0 degree / 90 degrees, +45 degrees / -45 degrees, and as the whole epidermis material shows false isotropy, you 
may carry out a laminating. 

[0035] In this case, the orientation of the strengthening fiber of the strengthening fiber materials 5b and 5b in the epidermis 
material 2 in drawing 1 is made to carry out in 0 degree / the direction of 90 degree to the direction of arrow p of drawing, 
and, as for the strengthening fiber materials 5a and 5a, it is desirable to arrange the thing made to carry out orientation in +45 
degrees / the direction of -45 degree to the direction of arrow p to a mirror symmetry to a core material 1 . Moreover, the 
laminating of the carbon fiber flat thread textiles shown by drawing 2 and the usual carbon fiber textiles may be carried out, 
and you may make it epidermis material. In this case, if the former epidermis material is arranged to an outermost layer of 
drum, if the front face of the whole epidermis material turns into a smooth side and accepts the need, it can paint there, or it 
can stick other films, and can raise design nature. 
[0036] 

[Effect of the Invention] clear at the above explanation ~ as - the sandwich-stmcture material of this invention - lightweight 
~ both penetration-proof and bam through nature ~ although -- it excels and is usefiil as flooring and the interior material of 
the aircraft For this, a modulus of elasticity in tension is 20x103 kgf^cm2 as a strengthening fiber material which constitutes 
epidermis material. It is above and destmctive strain energy is 4.0 mm-kg&'mm3. It is the effect which having used the carbon 
fiber thread which it is above brings about. It is the number of the main section [ in / the textiles / when textiles are especially 
used as a strengthening fiber material ] 400-60,000 pieces/m2 It is the effect which having carried out and having made the 
covering factor (Cf) 95% or more brings about. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original precisely. 
2 ♦♦♦♦ shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



TECHNICAL FIELD 



[Industrial Application] this invention relates to sandwich-structure material suitable as structure material like the flooring of 
the. aircraft, or interior material in more detail about sandwich-structure material. 
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PRIOR ART 



[Description of the Prior Art] In the field of an airframe like a satellite or the aircraft, the energy-saving effect based on 
lightweight-izing those structural materials is remarkable. Since there is much number of times of a service especially in the 
case of a civil aviation machine and flight distance is also long, aiming at mpg saving is pursued by lightweight-izing the • 
structural material. 

[0003] Among the structural materials of the aircraft, flooring, interior material, etc. are used all over the aircraft, and, as for 
the operating area, become quite heavy [ an operating weight ] quite widely. As a structural material like the above-mentioned 
flooring or interior material, from the former, the honeycomb-structure object was made into the core material, and the 
sandwich-structure material which pasted up the glass fiber strengthening resin board on the both sides as epidermis material 
has mainly been used, for example. 

[0004] When it is used especially as flooring in the case of this sandwich-structure material, to excel in properties, such as 
bending strength, flexural rigidity, penetration-proof, and bam through nature, is demanded. Especially, if it says from the 
point of the security of the aircraft, to excel in penetration-proof and bam through nature is needed. For example, the 
following accident may be caused when the sandwich-structure material inferior to penetration-proof is used for flooring. 
[0005] That is, the cargo compartment which a cabin has in a pressurization state as a pre-load room, and is located in the 
lower part of a cabin in the civil aviation machine under flight [ altitude ] is since it is not in the pressurization state. If a hole 
etc. will open in epidermis material by sharp member like the heel of female high-heeled shoe when penetration-proof is 
flooring excellent [ seldom ], the epidermis material by the side of a cargo compartment will exfoliate from a core material by 
the pressure by the side of a cabin, and destruction of flooring will progress. And it is because it will happen that the air by the 
side of a cabin flows into a cargo-compartment side with rapid vigor, the digit material supporting the floor is also destroyed, 
and the function of the whole aircraft stops if destmction of flooring progresses. 

[0006] Moreover, bam through nature is a property which shows the property in which flooring and interior material intercept 
fixed time and flame, and suppress the expansion to the fire which broke out in the interior or the exterior of the aircraft, and 
it is usually judged by the size of a covering factor, the fiber strengthening resin board whose covering factor is epidermis 
material here ~ setting - area SI the time of setting up a field ~ the area SI Area S2 which portions other than the 
strengthening fiber material which exists in the field concerned occupy from ~ following ~ the thing of the value computed 
based on formula:Cf(%) =[(S1-S2 )/Sl] xlOO is said 

[0007]. For example, it is a field SI about the area of the opening section formed in the mixture section of warp and weft yam 
when strengthening fiber materials are the textiles which carried out weaving of warp and the weft yam, i.e., the main section. 
Area S2 which the value totaled inside described above It becomes. If this Cf value becomes large, since the above-mentioned 
opening section in a strengthening fiber material will decrease, resistance of as opposed to the blow by of flame in the 
epidermis material becomes large, and bam through nature's improves. And since the above-mentioned opening section has 
increased and the blow by of the flame from there becomes easy when Cf value is small epidermis material, bam through 
nature becomes low. 

[0008] In the case of the conventional sandwich-structure material which makes a glass fiber strengthening resin board 
epidermis material, the melting point of a glass fiber is low, for example, since a glass fiber will be ftised for a short time if 
epidermis material **♦*, bam through nature is inferior. The specific gravity of a glass fiber is as large as about 2.56, and 
moreover, since the elastic modulus is small, in order to ftilfill the predetermined rigidity at the time of real use of 
sandwich-stmcture material, it is necessary to thicken thickness of epidermis material. However, since it is necessary for the 
amount of the glass fiber used to also increase when thickening thickness of epidermis material, the whole epidermis material 
will become heavy as a result. 

[0009] By the way, in order to attain lightweight-ization of the sandwich-stmcture material used as flooring, interior material, 
etc. recently, using carbon fiber textiles is performed as a strengthening fiber material of the fiber strengthening resin board 
which is epidermis material. In this case, in order to raise the bam through nature of epidermis material (i.e., while enlarging 
Cf value of carbon fiber textiles, in order to raise the intensity of a fiber strengthening resin board), as carbon fiber textiles, 
what carried out weaving of the narrow carbon fiber thread with high density is usually used. 

[0010] In the case of this epidermis material, the specific gravity is about 1,75 and a carbon fiber's is lightweight compared 
with said glass fiber. And since the property demanded as epidermis material can ftilly be ftilfilled, even if mechanical 
properties, such as bending strength and flexural rigidity, make thickness of epidermis material thin, considering only a 
relation with this mechanical property, they are not inconvenient. However, thickness of epidermis material cannot be made 
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not much thin, considering the point of reservation of penetration-proof Therefore, as a result, since thickness of epidermis 
material must be thickened, remarkable lightweight-ization is not attained. 

[001 1] Moreover, first, if a flame is applied to this epidermis material, although it is small, flame will blow from the part 
where a carbon fiber does not exist but only a matrix resin exists, i.e., the main section. And with the passage of time, the 
oxidative consumption of a carbon fiber located near the main section progresses, the small blow-by hole becomes large at the 
beginning, and flame starts from there highly. 

[0012] And when strengthening fiber materials are the high-density textiles of the above-mentioned narrow carbon fiber 
thread, the textiles have much number of the main section per unit area, namely, since the interval between the adjoining main 
sections is narrow, it is easy for the flame blown from each main section to gather to the inside of a short time, to turn into big 
flame, and to generate the situation of starting highly. Moreover, mutual fiber orientation should become 0 degree / 90 
degrees, +45 degrees / -45 degrees about the epidermis material which becomes in piles so that mutual fiber orientation may 
turn into the same direction in the textiles of two or more sheets, and the textiles of two or more sheets. When each textiles are 
originally piled up since there was much number of the main section in each textiles even if it is the case where the 
mechanical property which becomes in piles is the epidermis material of false isotropy, like the case where the area which 
overlaps the frequency which the main section overlaps also became large, and is described above, the small flame blown 
from the main section gathers for a short time, and tends to turn into big flame, 

[0013] Furthermore, since the front face of textiles has become that the carbon fiber textiles compounded with a matrix resin 
carry out weaving of the narrow carbon fiber thread with high density by incurvation of weaving yam in the concavo-convex 
field, there is a problem that the front face turns into a concavo-convex field, and since weaving yam itself is expensive, the 
obtained epidermis material also has the problem of becoming expensive also in itself [ sandwich-stmcture material ]. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] clear at jthe above explanation - as the sandwich-structure material of this invention -- lightweight 
~ both penetration-proof and bam through nature ~ although ~ it excels and is useful as flooring and the interior material of 
the aircraft For this, a modulus of elasticity in tension is 20x103 kgf^cm2 as a strengthening fiber material which constitutes 
epidermis material. It is above and destructive strain energy is 4.0 mm-kgf^mm3. It is the effect which having used the carbon 
fiber thread which it is above brings about. It is the number of the main section [ in / the textiles / when textiles are especially 
used as a strengthening fiber material ] 400-60,000 pieces/m2 It is the effect which having carried out and having made the 
covering factor (Cf) 95% or more brings about. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] this invention solves the above-mentioned problem in the conventional 
sandwich-structure material, is lightweight as a whole, is excellent in penetration-proof and bam through nature, and aims at 
offer of the sandwich-structure material which a front face can manufacture cheaply flat and smooth. 



[Translation done.] 



http://vwvw4.ipdl .jpo.go.jp/cgi-bin/tran_web_cg 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



MEANS 



[Means for Solving the Problem] It sets to the sandwich-structure material of structure which pasted up the fiber strengthening 
resin board which becomes both sides of a core material fi-om a strengthening fiber material and a matrix resin in this 
invention in order to attain the above-mentioned purpose, and, for the aforementioned strengthening fiber material, a modulus 
of elasticity in tension is 20x103 kgf^cm2. It is above and destructive strain energy is 4,0 mm-kgf^mm3. The 
sandwich-structure material characterized by the bird clapper from the carbon fiber thread which it is above is offered. 
[0016] 

[Example] Below, the example of the sandwich-structure material of this invention is **(ed) on a drawing, and it explains in 
detail, drawing 1 shows the sandwich-structure material A -- it is a notch perspective diagram in part In drawing, epidermis 
material has pasted both sides of the core material 1 which is a honeycomb-structure object, and each epidermis material has 
become the fiber strengthening resin board which carried out the laminating of the strengthening fiber materials 5a and 5b of 
two or more sheets ( drawing 1 two sheets). 

[0017] considering [ of securing a mechanical strength while a core material 1 attains lightweight-ization of the whole 
sandwich-structure material ] — the density ~ 0.017 - 0.17 g/cm3 it is ~ things are desirable Density is 0.017 g/cm3. The 
sandwich-structure object with which the mechanical strength became low and the small thing was obtained becomes easy to 
cause buckling, and cannot fully demonstrate the function as a core material of structure material, and is 0.17 g/cm3. It is 
because the whole weight will become heavy and will come to be contrary to the intention of lightweight-izing, if a large thing 
is used. 

[0018] As a core material 1, you may use a plastics foam out of the illustrated honeycomb-structure object. When using 
sandwich-structure material as interior material of the aircraft, since a core material 1 is it incombustibility that a core material 
1 is the honeycomb-structure object of aluminum, it is suitable. Moreover, since each of honeycomb-stnicture objects which 
sank phenol resin into the honeycomb of aramid fiber paper, phenol forms in which phenol resin was made to foam is 
self-reduction-of-inflammation nature and fire retardancy, they is suitable as a core material 1 . 

[0019] Below, the epidermis material 2 is explained. The epidermis material 2 is the fiber strengthening resin board which 
compounded the strengthening fiber material and matrix resin by a strengthening fiber material consisting of carbon fiber 
thread. As a matrix resin which constitutes this fiber strengthening resin board, an epoxy resin, phenol resin, an unsaturated 
polyester resin, thermosetting resin like vinyl ester resin, polyamide resin, polyester resin, a polyethylene resin, polypropylene 
resin and a polyphenylene sulfide resin, polyimide resin, a polyether ether resin, ABS plastics, thermoplastics like an acetal 
resin, etc. can be raised, for example. 

[0020] these matrices resin ~ for example, phosphoric ester, a halogenated hydrocarbon, an antimony oxide and boric-acid 
zinc, a phosphorus-containing polyol, a bromine-containing polyol, and a phthalic anhydride tetrachloride ~ a well-known 
flame retarder like phthalic anhydride may be blended 4 bromination, and fire retardancy may be given In this case, since gas 
constituents detrimental to a human body may be generated fi'om these flame retarders at the time of combustion of a matrix 
resin, you should restrict the loadings of a flame retarder to the proper quantity. 

[0021] Since the work to which phenol resin equips with the fire retardancy which was excellent even if it did not blend a 
flame retarder, it remains as carbide if it is after combustion, since there is little generating capacity at the time of combustion 
and the coking value is high, and it intercepts flame among the above-mentioned matrix resins is demonstrated, it is suitable. 
As for the compound rate of a matrix resin, in this fiber strengthening resin board, it is desirable that it is 35 - 65% of the 
weight. It is because the improvement in on the strength accompanying composite-izing with fiber and a resin becomes 
inadequate even if the rate of a strengthening fiber material increases more than 65 % of the weight, and the rate of a 
strengthening fiber material becomes less than 35 % of the weight when [ than 65 % of the weight ] more, and it is which case 
when there are few these rates than 35 % of the weight. 

[0022] Next, as carbon fiber thread used as a strengthening fiber material, although you may be any, such as carbon fiber 
thread of a PAN system, and carbon fiber thread of a pitch system, the high toughness carbon fiber thread which has the 
following property is used. Namely, JIS The modulus of elasticity in tension (E:kgfi'mm2) measured based on R7601 is 
20x103 kgfi^mm2. It is above and destructive strain energy (W:mm-kgfi'mm3) is 4.0 mm-kgC'mm3. It is the above carbon fiber 
thread. 

[0023] In addition, destructive strain energy is JIS here. The thing of the value computed based on following 
formula: W=sigma 2 / 2E is said using the tensile strength (sigma:kgfi^mm2) when measuring based on R7601, and the 
above-mentioned E value. E is 20x103 kgf/mm2. When epidermis material is manufactured using small carbon fiber thread, in 
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order to carry out mechanical-strength grant with penetration-proof proper to epidermis material, it is necessary to compound 
carbon fiber thread comparatively so much, consequently the weight of epidermis material becomes heavy, and it comes to be 
contrary to the purpose of lightweight-izing. 

[0024] Moreover, destructive strain energy is 4.0 mm-kgf/mm3. In the epidermis material manufactured using low carbon 
fiber thread, when a shock joins the epidermis material from the exterior, while collapse of the core material of the shock part 
neighborhood takes place, even if it is the case where were easy to be cut also in itself [ carbon fiber thread ] which is 
compounded with epidermis material, therefore low striking energy is added, a hole becomes easy to get bored with epidermis 
material. 

[0025] In addition, as the above-mentioned carbon fiber thread, the multifilament whose diameter of single yam is 4-10 
micrometers is used. One example of the strengthening fiber material of this invention is shown in drawing 2 as a perspective 
diagram. This strengthening fiber material B is the textiles which carried out weaving of these, using carbon fiber flat thread 
as weft-yam 3a and warp 3b. 

[0026] The main section 4 is formed in the mixture section of weft-yam 3a and warp 3b with these textiles. It sets to this 
invention and the number of this main section 4 is 2 Im of textiles. It is desirable to use the textiles whose Cf value which are 
400-60000 hits and was described above is 95% or more. The time taken for the flame blown from each main section to 
gather, and for the textiles with little number of the main section 4 of per a unit area (lm2) to grow up to be big flame when 
epidermis material **** since the adjoining interval between the main sections is large becomes long, and bam through nature 
improves. 

[0027] However, if there is too little number of the main section 4, the flexibility to a shear strain becomes small, and in case 
the textiles fabricate the prepreg which comes to carry out resin sinking in along with a curved surface on these textiles at the 
time of manufacture of epidermis material, a vwinkle etc. will come to generate them on the surface of a Plastic solid. The 
number of the main section 4 in textiles since it is such is 400 pieces/m2. Carrying out above is desirable. 
[0028] Moreover, since the adjoining interval between the main sections becomes narrow when there is too much number of 
the main section 4, the flame which blew the main section gathers for a short time, and tends to grow up to be big flame, and 
the bam through nature of epidermis material falls. Therefore, the number of the main section 4 is 60,000 pieces/m2. It is 
desirable to make it below. Furthermore, in the textiles to be used, with textiles with small Cf value, since the main aspect 
product per piece is large, the resin which is burying the main section bums, it blows from the main section, and time to grow 
up to be big flame becomes short. Therefore, as for Cf value in the textiles used by this invention, it is desirable that it is 95% 
or more. 

[0029] There is no twist, it becomes impossible to specifically carry out weaving of the 30 or more ratios [ of the fineness of 
3,000-20,000 deniers, the thread width of 4- 16mm, and a thread width / thread thickness ] flat thread in a 1.0 to 1.3 times as 
many pitch as a thread width as textiles which carried out weaving of the carbon fiber flat thread shown by drawing 2 , and a 
superintendent officer can raise the textiles 100 - 300 g/m2 and whose thickness are 0.1 -0.4mm. since in the case of these 
textiles the carbon fiber thread used for weaving does not have a twist, its thread width is thick and the ratio of a thread width 
/ thread thickness is 30 or more - the number of per a unit area (lm2) of the main section 4 - 400-60,000 pieces/m2 it can 
carry out ~ both bam through nature penetration-proof and a moldability — although ~ it is good 

[0030] Moreover, since weaving is carried out in the 1 .0 to 1 .3 times as many pitch as a thread width, the Cf value is in 95 - 
99,5% of within the limits, and is rich in bam through nature. Furthermore, since weaving of these textiles is carried out with 
the flat thread whose thickness is 0.1 -0.4mm, in a textile front face, the irregularity based on crookedness of weaving yam is 
seldom generated. Moreover, a superintendent officer 100 - 300 g/m2 It is small. Therefore, the epidermis material 
manufactured using these textiles has a smooth front face, and, moreover, it is lightweight. Furthermore, since the carbon fiber 
thread to be used is thick, it can be manufactured cheaply, and the last sandwich-structure material also becomes cheap. 
[0031] For example, weaving of the textiles shown by drawing 2 can be carried out as follows. That is, while carrying out 
usurpation unraveling of the weft yam from the weft-yam bobbin around which the weft yam which consists of flat thread is 
wound and positioning the weft yam horizontally by the guide idler in a weft-yam feeder position, weft yam is supplied to the 
bottom of strain between the aforementioned weft-yam bobbin and a guide idler, suspending the weft yam of length required 
for one weft-yam supply to warp. Usurpation unraveling of the warp is carried out from each of the warp bobbin of two or 
more weights around which the warp which consists of flat thread is wound on the other hand, using a comb, it lengthens in 
request density, two or more of these warp is arranged with it, making it the flat side of warp not contact other than the wire of 
a comb, and weaving is carried out by changing the flat side of each warp horizontally and leading to a heddle, 
[0032] Thus, in the case of the textiles by which weaving was carried out, a twist does not go into warp and weft yam, the flat 
state of warp and weft yam is held, and thread configurations, such as a thread width and thread thickness, hardly change, 
either. The sandwich-structure material shown by drawing 1 can be manufactured as follows, for example. 
[0033] First, the textiles of carbon fiber flat thread as shown by drawing 2 are flooded with the resin liquid which comes to 
dilute a matrix resin with a solvent like a methanol, and it performs resin sinking in on textiles. Subsequently, textiles are 
taken out, dryness removal of the solvent is carried out, and the textile prepreg to which the resin of the specified quantity has 
adhered is prepared. While hardening a matrix resin and forming epidermis material by carrying out the laminating of the 
request number of sheets of the obtained textile prepreg, occurring the core material which processed the request 
configuration on it, setting the whole into an autoclave and carrying out heat-and-pressure processing by predetermined 
temperature and the predetermined pressure, after carrying the above-mentioned textile prepreg of request number of sheets 
on the core material ftirther, the epidermis material and core material are pasted up. 
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[0034] the above-mentioned operative condition - although it set like and the strengthening fiber materials in the fiber 
strengthening resin board which is epidermis material were the textiles of carbon fiber flat thread, the strengthening fiber 
material of this invention is not limited to this, on the other hand, lengthened the carbon fiber thread which has the modulus of 
elasticity in tension described above and destructive strain energy in parallel with **, and arranged it - on the other hand, you 
may be ** material and textiles When epidermis material is the fiber strengthening resin board which carried out the 
laminating of the strengthening fiber material of two or more sheets, it may be arranged so that each strengthening fiber in 
epidermis material may gather in the same direction, and the strengthening fiber in each epidermis material may be mutually 
arranged at 0 degree / 90 degrees, +45 degrees / -45 degrees, and as the whole epidermis material shows false isotropy, you 
may carry out a laminating. 

[0035] In this case, the orientation of the strengthening fiber of the strengthening fiber materials 5b and 5b in the epidermis 
material 2 in drawing 1 is made to carry out in 0 degree / the direction of 90 degree to the direction of arrow p of drawing, 
and, as for the strengthening fiber materials 5a and 5a, it is desirable to arrange the thing made to carry out orientation in +45 
degrees / the direction of -45 degree to the direction of arrow p to a mirror symmetry to a core material 1 . Moreover, the 
laminating of the carbon fiber flat thread textiles shown by drawing 2 and the usual carbon fiber textiles may be carried out, 
and you may make it epidermis material. In this case, if the former epidermis material is arranged to an outermost layer of 
drum, if the front face of the whole epidermis material turns into a smooth side and accepts the need, it can paint there, or it 
can stick other fihns, and can raise design nature. 



[Translation done.] 



